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Abstract: PROBLEM TO BE SOLVED: To make a semiconductor device satisfy the 
gate insulation film of a semiconductor transistor of a specific gate length and the 
capacitance insulation film of a specific semiconductor memory by incorporating a 
tantalum- tungsten composite oxide crystalline thin film to an insulation film. 

SOLUTION: A groove is formed on a substrate 201 and a trench isolation region 210 is 
formed by burying an insulation film in the groove. After a silicon oxide film 21 1 is 
deposited, a p-type channel impurity layer is formed through channel ion implantation 
for activation. The silicon oxide film 21 1 is peeled by hydrofluoric acid, a 
tantalum-tungsten composite oxide thin film 205 is formed without heating the substrate 
201 by using a reactive sputtering method, and TiN 206 is formed on the tantalum- 
tungsten composite oxide thin film 205. As a result, it is possible to satisfy the gate 
insulation film of a semiconductor transistor of a gate length of 0.05 jim and the 
capacitance insulation film of a semiconductor memory of a gate length of 0. 13 jam. 
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&miW-7-<no. 1 7%SX±.l 5. 5%£LT;* 5 ^ v^t" 
#JRJK+-G0 8. 3%£Uil3. 1%^T^^ y^f> 

i r , Pt. Ru. o s , Rh, m,M&&mik'£- 

iTiN, STttt^mtt^-ft^R u0 2 , RhOj, Os 
0 2 , I r0 2 , ReOj, S r R u 0 3 <T>'pt£ < t h 1 o 
£ l^tp If *rl 1 4 OV N-TtiA^ 1 r5fe*co^^ 
Bo 

[!f*gi6] fitj!E^>'^/u-^>^.x^v^^t:#3 

n&m i r , pt, ru, os, Rh. mM&&mik& 

ITiN, *fcl4;gSt£gMM£lR u0 2 , Rh0 2 , Os 
0 2 , I rOj, ReOj, S r R u OjCQ^ft < t t> 2 O 
£S*afcJf 5 If *rl 1 4 CO V >fH^ l ^fE 

#«JST-co 2 %UATt>^ y y^V^T'fo^lf *rl 7 IE 

I r , Pt, Ru, Os, Rh, «^^#;Sft;-& 
feTiN, *fct±*®t4$Ht;feR u0 2 . Rh0 2 , Os 
O z , I r 0 2 , R e 0 3 , S r R u O 3 C0'>& <itlo 
*^tP» 7 Sfctt 8 fE^CO^^Eo 

ra*5io] stria* v^-^-y 7fv«^iftl 

I r, Pt, Ru, Os, Rh, 

VoT i N, ^fcteagSlttgMttl&R u0 2 , RhO z , Os 
0 2 , I r 0 2 , R e 0 3 , S r R uO J (0'>?'i< i {, 2o 
**tafcS*i6-e*>3H»#* 7 £fcl4 8 iB*lw¥8KMg 

1 1 ] mwmm\-i~. 



m 1 0 cov >-f*L7J> l «fE*fero^^flr^S 0 
[If*ri 1 2 ] «-&gtffc4&»IB|-e > 

^^^/u^^ti>micoH»^^. *^*xv 
[If*ill3] flfraEBMtffltt. 

huIE^ v* yu - * > ^ x vflteBMM&WK&ftlgiK 
KS«SrN 3 OT'9X-7(p-c?»*aaLfc«, ftiSin^ft: 

IU 
[0 0 0 1] 
[0002] 

t ox £r#< 1--5t****fcS*vcv*5. ->y a^WM! 

* , itmmm £ Si o» •> y = ^mitm^m $ u*: 

t „*= « Sio t / « 

[0 0 0 3] Mill y-FS^O. 0 5 m-t£ft<7)¥ 

y 3 v-S£ft:J8im»l8£J¥ t „, JkXfV- hmJE 1 . 2 VB# 
"CI O^A/cm^TroU- ^*»E45ft*SS*$n 

■So 

[0 0 0 4] Sfc, y-hg^0. 13//mtftW*«t 
BWfc«»3lHK* t ox , 2fc VPP*D«EE 1 . 2 VBtT 1 0 ~ 8 

a/ c m 2 ^T<7} y — ^«sE«aE^**sn* 0 
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[0 0 0 5] ffi*. *a|*h7y^#oy-Hfi»« 
y ^S*tt»lR^iii/ y =i vift{t«^ttffl 

m i vfin*o«r-eie» h v^/u«aE*:*t-et i o a/ c m 
r^^f^titi^o Wirt, r^u7r^i:»ft^ 

(Ta^ JfclfctoiKlvtk^S^ (25-2 
t ox -C'lnm (JIBS/56. 5 rim) <^K^tC 1 . 2V^) 

mjBE^fnAp-r^^, y-^fMg^io- 4 -io- 3 A 
/cm»i:45ti!>, ±m\st^- bmmm^mmt&m 

[0 0 0 6] -r&to^, 7^77^Ta 2 0 5 S:^h 
[0 0 0 7] 

r^Ta 2 0 5 (Dl. 4{ff<7)Jt^®* (£=3 5) 
tbTV^o Lri>L##fe, ft*: T a 2 0 5 (^y- 

^ f MSfi^-IMTT^t ^7 r ^ T a 2 O s (^ 1 0 

[0 0 0 8] Igft^SnfcT a 2 0 5 <75tt;««fi|RSr|6l±S 

U^-74t2 3 7 0l (Applied Physics Letter, Vo 
1.74 (1999) , P.2370) \Z\^ RuS1S_bi- (00 1) 
Sm<D 0 - T a 2 0 5 £*£SH-£ r t -CJt»«*4r|p] ± £ 

■tirSifrteasEttSft, S-Ta 2 o 5 * (ooi) !Efa<D 

CDH?\MS^tTV\ Ii:8 0 0°C, l^RTN (Rapid 
Thermal Nitrizaion) -CjIW&aSrfT 0 Z. t T?\ (0 0 
1) ElfiUfttJIlWU 0 0K±W3-Ta 2 O 5 «S»5) 

ftSr £tfSJfflft£ft-Ct^4 0 
[0 0 0 9] ±5£bfcJBJMfcfcJ:5!J- 

S*10- 8 A/cm 2 ^TW^^H, j3-Ta 2 0 5 <7) 

mm&i/y =* ^mtrntenmrn-v o . ssnmwct 

[0010] — r ^eyu^ r * T a 2 0 5 <Dijfejf t£*g£r 

tc, iftjt^^^-r^ (W0 3 ) , SfcttiMb>fyhy 
(Y 2 0 3 ) ^ttt^^iS^tltl^o 



81 (Journal of Applied Physics, Vol. 75 (1994) , P. 2 

538) , »>fU7/uX. y-y— ^- y-y-^jn^^ — 

• v^zKv^A - T/n 7^ y^X3 7 8#1025 
3C (Materials Research Society Symposium Proceedin 
gs, Vol. 378(1995), P. 1025) tCfcftfcf, 7^V7t7; 
Ta 2 0 5 iC, W0 3 ^r2~6I^T-%, ^^fiY 2 0 3 ^l 

0-3 0J5R^%^APi"ixli, y-^tS^7^7 7^ 

[ooii] ^iD^/i^ y — 

* *S * -5 © IS ^ <h # IZ Jfc»«*tfS 7W77Ta 2 

0. 5nml:>tlSt5*RJS^2. 4nralSt4^ 
Sffi 1 . 2 V^lJPP#<7)^«^ft:^icAP^>5m#{3: 5 M V 
/cm|tt45 Q :<D^W7^7r7TaA- 
WO s> T a 2 0 5 -Y 2 0,W!I-^t«*«tt h 
mS^fc^tC 1 0~ 5 A/c m^i^/^otl^ ofz 

[0012] ±SS b/c «t 5 T a 2 O s <OJfcW«SRRt**fe 
Ki:*tt*«*«fttS:»jBL.TV^V^ W*tf, B ST 

i 9 9 9¥f?i4 6 igjc/HW3**fr»s^» 

fit^HMlNo. 2, 8 8 31, 3 0 p-ZS-l 
ftte\ B S TK^Mf 2 0 nmd: Vfzt y— ^ 

[00131 H±RWUJ:5^ y-hft0. 0 5 M 
mtt(W«»h7y^^(?)^Mfii«, Rtfy- 

hfto. 13^ mntR<o*mft* ■=& y ^siifete^i 

S4TOtw5#flEU^o **fltt±ELfcJ:5ftlie 

"CS>9, ^-hftO. 0 5^mttfWfffh7y^ 
*<D>^~ htMMft. St> + ^- hgO. 13 M mtt{W 

5g *S: * *§t£ i" * r. 4: £r B W £ 3 0 
[0 0 14] 

[0015] ^c^^^, Itftf&^^/U-^ V^^t'vIS 
-S-S-ffcttieft**!*. AJBJSl^Ol 8. 5%£AT^*> 
^^x>J^T-Tfe«9, ^JB^COO. 1 7%£JL±1 5. 
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mm*<D8. 3%j^±i3. nra^^^f^i 

[0016] ^fc, ffrffi^^/u-* y^f^S 

lr, P t , R u , O s , Rh, B5i»^&JRfl^4»T i 
N, Sfcte:*flli£»ftt»Ru0 2 , Rh0 2 , Os0 2l 
I r 0 2 > R e 0 3 , S r R u O z <D'Pt£ <Hl 

•n*»»Btfc»ra«««)*4< 1 1— i 

r, Pt, Ru, O s , Rh, SSiH^JRit^T i 
N, Sfctt*«4BMfc4*Ru0 2 * Rh0 2 , Os0 2 , 
Ir0 2 , R e 0 3> S r R u O z <D'J?t£ < t fc 2 o£rft 

[0018] zcot^ , muz^*^-* y zf^^m^ 
[0019] s*:, fltrffi^^^yu— =ey y^^m^mt 

r, Pt, R u . O s . Rh, M»^£flWfr&«T i 
N, lfdi*lMttRu0 2> RK0 2 , Os0 2% 
I r 0 2> Re0 3> SrRu0 3 ^<Hlo^ 

r , Pt, R u , O s , Rh, »5IKj££*Mfr&4*T i 
N, IfciiiittittRuO^ Rh0 2 , O s 0 2> 
I r 0 2 , R e 0 3> S r R u O z <D'pt£< t h 2o^l 
tetcmffifeX'fo o T fc ± V \ 

[0020] /^jo, miBittWR», > 

[0 0 2 1 ] **W^«^Sg^«»«w»3t*ffi 

[0022] MEKf&ntt* 

[0 0 2 3] Sfc, *«W^»^B6^t»i»l»<75te<^«fe 

t*iits, *a*»k*tf 5**-e*9, «^SS 



T. ME* >-*vu--e y yr^*-&Bftit«*«S:»«± 
ft**SMfc*fr 5 *8rc*> s 0 

[0 0 2 4] [flsffl] 

(|^ttgSxTa z O r yW0 3 , xTa 2 0 5 - 
yMo0 3 (7)W 38W#te* T a 2 0 5 £W0 3 CQlg<&& 

fttelxTa 2 o 5 -yW0 3 i:io^T, ^ V^^^V 
(W) 1#18. SI^/oBlT^^^i:, *«^H&i* 

tfO&JRJK^-'Ftf)* V^^y^Vi^O. 1 7%JL^±l 5. 
5 %KT»- Lfc i: # \z y — *««lt*tfj&*T a 2 0 5 *§if|lc: 

M*^(D&mJ&^<D5 *s ? *T S . 3%JW_h 1 

3. i%KTi:t5i:, y-^I«S^Ta 2 o s ^ 

[0 0 2 5] iot, ^JS^T-^CO^ V^^-T^VS^ 
0. 17%a±15. 5%HW^^-*>'^f 

JP0. 5nmOOlf{:Jo^Tl. 2 VfPiPNP^ y — ?M 

gft^ffi^ i o-^a/c m 2 ^T) Sr«fci-r.i:*s'5rifi-e 

[0 0 2 6] ftjo, Xn-fe^^— v^*#*i-;h,tf* ± 

8. 3%K±13, l%KTi:t5ri:*ff4U^ 
[0 0 2 7 ] ^P^#ti, T a 2 0 5 ^Mo0 3 ^ 

^ifeMxTa 2 o r yMoo 3 i:jo^t, ^yy 

f> (Mo) i^-^fS (*5±*2%) KTOfc#»w, 

[0 0 2 8 ] T a 2 O s tWO z <Dm^mkW&M> x T a 2 
0 5 -yW0 3 , *>51M1T a 2 0 5 fcMo0 3 ^*ft 
te B 0 xTa 2 O 5 -yMoO 3 Ciol^, Z^"?*^^ 
^/cl^y yfy^-tfl^T^fo^I'&CT a 2 O s ^ 

[0029] K • 7 4 X • U^"66l 

2 2 0 9^— (Applied PhysicsLetter, Vol.66 (199 

5), P. 2209) e-Ta 2 o 5 »Ii:W^y- 
[0 0 3 0] Z-CDZtfi-b, Ta 2 O s g B |l;W0 3 ^f: 

f^M o o 3 srjss*pi-a r 1 1? y — ^msftaMSi* UTts* 

tt, 6Effi«P>f rf-X^^Ta 5 + >f 3j-^*S0. 0 6 
4nmJ:9/J^4W 6 +MtytgO. 0 6 0 nm), 
SfcllMo 6 + (>f^-^^0. 0 5 9 nm) ^Tat 
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[0 0 3 1 ] Sfc, Ta 2 O 5 <!:WO3^I^ttlS H s 0 

xTa 2 o 5 -yW0 3 l:*3^T, * y^^fyt^-^ 

&trLm<Dm^£hikLtzWOi ( y -W0 3 ) iSftflL 
*if»C«Wi"-B^i, V^A-lr^ hJcgmU 

[0032] v?*— -Jvi' • ^ ■ ^ ■ y^>r^. 

X>f • it"? • 1 1*1 2 3 7-<— Z? (Journal 

of Physical Society of Japan, Vol. 11 (1956), P. 12 
37) ICtixtf, y<^^m^<Dy -W0 3 0figi*ttl K 

[0 0 3 3] T a 2 0 5 <t W0 3 <D«-&S-ft1*»* x T a 2 
O s - y W0 3 i^^ot T a zOgSAiClit^T l£t£«^ 

[0034] mnmm&w^&mmkw<Dnmm<D±n 

LfcW0 3 (y-WOj) lZ*5tfZ#>'jfXy L >'fflV<nm 

g^Ta 5 +>ftmO. 0 6 4nm, W 6 +^ft^ 
SO. 0 6 0 nmi:iev^fc»*wie4tt*5ftSf|c:ftfcil* 

[0 0 3 5] JvU • ^ ■ yjy K« *x 

-h^^h!i-l5#2 4^—^ (Journal of Sol 
id State Chemistry, Vol. 15 (1975), P. 24) tC«fc*l 
tf, 7 -W0 3 tt^/U^^*3l^-Cjt»«*35S 2 0 0 Of 

[0 0 3 6] «±K £ 19 , T a 2 0 5 ^ B a B £ W0 3 ^ 
■MUfettA x T a 2 O s - y WO 3 C0 Jt^S^^ T a 2 O s 

[0 0 3 7] ft*, *^0j-C'fflV^5«^^^^ B S BxT 
a A-yWOj^^T^ x T a 2 0 5 -yW0 3 fj: 

fc£ 0 i~ft;fc>*,, 7W77^xTa 2 0 5 -yW0 3 ^ 

Ta 2 0 5 -yW0 3 lt y - * ttflE*«3ft s (S«-f- 3 * > . 

[0 0 3 8 ] (tf ^MfcttlSA xTa 205-y WO 3 
OSJ^ffi) xTa 2 0 5 -yW0 3 Mi«i(:, * 



rtSr»«Ji-«fc«>. Ktttt*JI L^fcJK* 

*JWf*A<*6«-t-5^s^*4o i-ftfo-fe, (sa-e^w 
mitmrnifx &ist*mk#x **a* la \ 

[0 0 3 9] <S*l6»8S^<&igffl) y *<z> 

tt, (001) larnicoR u±tc:^ v^a—^v^^ ^ 
*Mtt««:f?v\ Hl»ISt:ff5:«lkWWlO 

[0040] ±ie* 

^**IMb«tt*i»it#, (001) Idf^]c7)^ a H B ttc7) 

*(DQ. 17%W_bl5. 5%aTtf#>'^7 i ^IH? 
*»W^^«JDR^t 1 y 77Vg^^l 

Ta 2 o 5 is^:it^Lty-^iifS^i 0 

^Snft^o^y— hf 0. 1 3 limttto*!*^ 

yo**ift«wz»#*n4ifti»W4 (s/ya^MMk* 

1. 2VPSt:iO- 8 A/cm 2 ^T) ^^$tb5 0 

[0041] ioT, ^ v^/u-^>^^xv1S#^t: 

*y o**l«WWc:fflv^ntf, y-h 
so. 1 3 k mtttt©***^ * y tfxa^i-efc 9 , 

[0 0 4 2] ft*\ ±E*«W»>*y Srf^Hi-fiBHw, 
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T, I r. Pt, Ru, O s , Rh, 

ft^ftT i N, jg®t£gMM£>Ru0 2 . Rh0 2 . OsO 

2 , I r 0 2 , ReO,, SrRuOjW^fW 1 , Sfct* 

DRAM^^M"Itg-C-foSo 

[0 0 4 3] r*u±> 1S-&^t:#i^ B B B»K(^tebT^ 

[0 0 44] (y- hifefciffil^Wigffl) #JS/^*CQ 

0. 17%Et±15. 5%^T/4^ Vi/.x^Vj^-T-fe 

^sj^t-^w^ i y 7'fygi L t*5 3'v^/i'- 

^T^cojtfiii^r^iu (4ok±) . y— 
[0045] <to-c. z.tnbm&mmmm&*mftb 

®?^-C:'f±*mb^*-ofc-y- hSO. 0 5^ mm\<D 

tt (->U=y|!«fti|ilO. 5 nmCDlBWtrJbM^T 

1. 2 Vepj)D£!fCD y — ^tttfft^S^ 1 O^A/c m 2 Ul 

[0 0 4 6] *yt, ±SE«-&BMfc4iMgft»BI«:$'- h*6 

[0 0 4 7] Sfc, ±|E¥*# h 7 VS*;* 3 

ffitU, Ir^Pt.Os^Ru.Rh, 
.fi^Sft^iT i N, ilMMRuOj, Rh0 2 , 
OsO z , I rOj, R e 0 3N S r R u O 3 C0\ ^-ftl75\ 

[0 0 4 8] rfttt," tt-d-UfbttfiAWRizSHIfeLTv^ 



[0 0 4 9] 

[oo5o] (^a« ^M*i*<oiftBj) ^mmmmx- 

jj&tvx. a£t4*'*y*i£. ^.ffi^Sffi (cvd: Che 

mical Vapor Deposition) , $ ^ $ /V • P ^7~^y^^"g- 
[0 0 5 1 ] *i\ RjetSt^^y^S*fflv^*&S:« 

[0 0 5 2] V:/ 7. 

3-V>-/<—tH(D!±jjlZ5 x l o-sp a -C'fc^o 
[0 0 5 3] fijtffi&W'taiT/U^V • (0fl*. 
T^=?V/gS*^EEJt : 9 0/10) Sr^-W^— f*5 
dtfel&U ^V<— rtEESr, CT^ii, 6xio-'Pa 
e£fc1-*„ ^flE*S5SfJEb*:e>, flSftl 3. 5 6M 

is) mizwm-rz* 

[0 0 5 4] ^x^ia4«S6 5 0t«Troi^ 

v^^-^e y -f^^m^mmmm mtgkmxh o . 

7^W£^7jS6 5 0°CSriS;i3 t> itffi^nfc^ A- 
[0 0 5 5] 6 5 0tWT-C^tlfc^y^/l — ^ 

tat 5+@ro?i-a-ffit/i^ 0 <css. iB*iKufc»)«»c»u 

[0 0 5 6] ^jsScftffi^fflV^c^^^yU-^V 
^^^>^gS-fb^«^*Saf*j*{-ov^Ttft0J-t-5o 
[0 0 5 7] ^J^SffitCio-C^^^vU-^^i/^-T 1 

^m^mtmmwk*:^ y = -> y => vg?^. -> 

~>>j=i>mm. •> y = ^mtm. ->» 
m. *7ti±->y =2^m[^m<omt^mmvxi&mmmm 

imtnm-r^<DiwMM^t lt«4 5 osuat-c-^ 

(T a [N (CH 3 ) 2 ] 5 ) . -:y^xhJf->^y^^ 
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(Ta (OC 2 Hs) 5 ) , m\L*>*^ (T a C I 5 ) % 
■&tlte7vit*>fsl' (T a F5) T^fibftSo * 

*V^;*^V (W[N (CH 3 ) 2 ] 6 ) , — ^i^^hdrv 
^V^^rV (W (OC 2 H 5 ) 6 ) , J^fl^V^^V 
(WCl 6 ) , £fcl±:7s/>ffc* V^*X>- (WF 6 ) 

if e> ft *o 

[0 0 5 8 ] STTIi, ^^y«Ht^^y^ 

mt#>*^. 7v\\L#^$fv^ mt*>yxT^* s 

fctt^y^^^y^Srfflv^fttfJKW^^lctfi**? 
[0 0 5 9] ±1E* V*/U- -* V^xVlS^ 

(cvd 

[0 0 6 0] C VD^Bii, 0 1 tSftl 

1 0 2^b*j*$ft, 0 2 ta21Sffc1&<7} ^ 

1 0 7#jRiWprffi-e*>5 0 ^faiii 0 1 tseiji*i 

0 2<73Mi-fl^ 1 0 4 ^SR|tfeft"C*3 9 , * 

ft*fto»jBrt<75^^tta«<^sKv^wJ: <9«/&£ftS 

3 1 3 5S:^ttftftSJx5. 4fc, 
Mil 1 0 1 b&&M 1 0 2 i«)Bl?>x/N 1 0 7 £rf£ 

So 

[0 0 6 1] KJsftoiilOlrt^ ^3c/>l0 7(ib: 
-^^rt/^Ufcil^irrT 9 ^- 1 0 6_Lt;:lfifi£ft, 

1 0 0 6l£<fcoTm^ffifgKJnf»$ 
ftS Q Sfc, >?x^ 1 0 7C0±*P(^(i, ^^Jiffi^ 

[0 0 6 2] 3«a<D«3|S|.^f^S:aiSt^ 
K*M&8* 1 0 1 ^^A-TS^ 1 <0 15 0, 

f 2^^SgS 16 0, 3 C9 1 7 0 

KJ;!9*j5R$ftS 0 #^<o^!B**ttafc*:»»^nC* 
/£-e&<9, JKi 1 5 ott WM^V^Vi 

13, ^ h y 7'/</U7' 111, 112, 115, 11 
7, -7^7D-^yho-7l 14, 1 1 8 



**u m2(Dtf*m&?k 1 6 oii, wm^v 2 

1 , * h v ~?'<9V7 119, 120, 123, 125, 
-?*7v — n> (>p-7 1 2 2, &t/M^^ 1 2 6£W 
Ltl^o Sfc. I3^)^«|17 0ft WJN-^y 
13 0, ;* h y ~f'<>V? 127, 129, 131, 
V77D- =iv hP-7128, 1 3 2 

Utt^o Sfc, fg 1 <ntfxmt£3& 15 0, St>'^2c75 

^116, 12 4#S«ShT^5, 
[0 0 6 3] -O^:*- h=^>^ V^ST^^I^y 

/i^r * y x^v^xvii, ssMJEas-tftfs^BK ^ 

KKXl 5 0, SCM2^i^l 6 0J:9*«& 
U -•jta[*ttJI!3W^«»5Rl 7 0 J:9flt»i- 

So 

[0064] i^v-y y^i 1 3(i-<>^^. h^v-^v 
#/KD#»awc8 ot^am&sft, ifryyy/i 2 1 

fi— ^t^^f/ur * y i??y^fyw#ifig 1 2 

O^i^PHft^ftSo -7^7n-nyhD-7i 1 

4 , 122, 128, iat\ 101 cop^i 

So 

[0065] *^e^*3^r^, #:*f;*efet&*as»sc-e 

So 

[0 0 6 6] mW#X&&1frtZ$ltiLi** "T^r 

»jHffl««T^iD»sft-c^4o eft*- J: ^la©--^* 
Kfaiii o i ast^^^f^/^fp 

[0 0 6 7] 1 0 7<DTa^#^Siai : ^ t: t 3 

^^ft*iia»o— ^tctt^— h/^uy i o 8risjsme> 

ft, te*(-(iy— 1 0 QSt/Tk^ h7 1 

0d5K*tbftT^So fifcBI^Ffcy— h/^l 0 8M 

fiE^-Tfttf, #M^1 3 5#z*5*t5A*ttfl.^^^Bifc 
^ift^SrB&it-f 4 e 4: ^ pjfg-e^ 19 x 1 3 5 

[0068] £fc, isS:i«brv^v^ #izf±y— h^vi- 

7108, 1 0 9^*t-BgJtbftS 0 e^«t9*fl»fi6t- 
1-fttf 9 , ±9*Jtffl*s»bft* 0 ft*3 

10ll:ttXffitH3 3tfRiSiit^5o ft*3, f&m 
LX\,^\<^kZ<DIEJjte 1 0" 4 P a J^T^{^oT*5<o 
[0 0 6 9] ±ECVD3S«S:ffll^5»-&^*V 
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[0 0 7 0] ^<^9 ^yur % / 9 V^/K XO^^r 
^fciffibT^^—rtEESrS 0 P aggt«o 

[0 0 7 1] SSStll ^y^/u-^y^ry^ 

WLit®*?- VWMmt LtW§I^(j:3 5 0°C^ 
<b4 5 0°Cf£3^ $**fiftHt£ UT*6«i-5*&J±3 5 
0°C7^ib 7 0 O'CStf tl^So 
[0 0 7 2] fc*5, CVDJSItfiWLfci^t, 

/^ig.«^6 5 0X:£XT<Dm&teMm£ftfr9^9;i—9 

^6 5 ot:sra*:5*&tt*iasnfc* ^9^-9^? 

«Jdii- 5 7 ^ — yuftyS o T fc «t V \ 
[0 0 7 3] Skid, *:/*/K 9ls?x"rl>"&&<Dm& 

[0 0 7 4] ^^^^^^STfRfflft^bi"* 

5 0 fib, ^^s/#^J;9^v^/u- 

^-y^ h*^y^^ • ^^^fy^iciiu * 

[0 0 7 5] Sfc, CVDmWl^XV 9^9;i" 9^2* 

»f fc * >- * /u* fc {1 7 v \\L9 v * , 9>^^T^fWM 
L>xmt9 y^fyjfcii7yft#y^fy 

■5 0 

[0 0 7 6] 9>9f^ - #><y**rl<"&&<Dm&te. wt 

3 P) , O ( l D) . f£tt»5So 2 ( l A) , Sfctt^-y^ 

S»4HR*t*fl=H:, tt« 1 8 Snm^I&fflV^I 
^"C 2 . 5 mW/ c m 2 , igft 2 5 4 n m(7}^Mft£ffl 
^5*^2 OmW/c m^'fe^o 
[0 0 7 7] 7n^I^^o:/^S^6 5 0°D)i 



$ tifc. ?y*/u-?y^f ^«-&iMt*3»«* s e ta 
5 J: 6 5 0t;«TT?*«£jh,fc* 

^-^y/^ryI^8ftWi ft*B-r&7^-yu 

[0 0 7 8] m^, SftttBMkftSrffli'^fc*^*^-*^ 
[0 0 7 9] ««*{tj£-e* V^yU-^^^T 1 ^*^ 

9 V T" >^^^\^<DW- £(D4 ft<D 1 <Dff.£<D9 V 

[0 0 8 0] * V^A- • ^^^^^^Sr^sarb*:* 
* (MW) > Xt/^*if^W«M4^JR (Httt) ^85 
°co«»K7K®^-efo^ o . o 2 m y 
U £XT<D£ ?temmxV^^<D9>9;u ■ 9is#*v- 

[0 0 8 1] Si", 3t*«BEV f (V) tcigf 5 3=-ef3: 
-tl»S2 X 1 0- 3 A/cmWt^o felSm 
JEV f (V) (iilSfi^ 6 X 1 O^A/ c m^TC^ 

V f nm"Cfc5o W»K7K*iK^tt, y ^*tK* 

«OiS^fit45, ^ 0 B e {tbfc^^MbT^^O^ 

[0 0 8 2] ±JtbfcKliStt^^y*, US 
■Mb, * ttWffiBMfcSsl - «fc o § titz9 ^9 >\s- 
9>4rx7*stiL&m£toWm* ^fz\^9>9^-^])y 

[0 0 8 3 ] ^"f> f^AK^9>9/U-9>if^^Vi 

^mtmrnm. *fc»* y ^fyi^HM 

[0 0 8 4] ±!£T^— ^S^t^ft^ffl^^^I 
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-frtt. &K&£&4 0 0°C^<b5 0 Otiift^, l^EE 
t> «fci\ 

[0 0 8 6] **3, 7^-/«:J;5»SL« 

tt«*7^/^o ( 3 p) , o ( i d) , m&gstmo 2 

nm^i$:ffl^^I^2. 5 mW/ c m 2 , jgft 
2 5 4 nm(7)^^«aSrfflV^54&^T*2 0 nW/c m 2 "C 

[0 0 8 7] Sfc* (0 0 1) ffifa^R u -k^itW 

^ y^/u-^t y yr v«^Sffi»lt:t It, N 2 o 
^xvfeasot, 3^<DT^—/^m^. soo 

vo#mi&&<D y -9mmRrjitmmm<Dm^^^m 

[0 0 8 8) SSiCfiSftKiftSieO. 5 nm<7»y 
a^MMUB (^«J?0. 9nm)l^ni^^y|i 
(10 0) SrttfflUfco ^V^/u-^v^^^v^®? 

/U=/WBfc*^flEJfc : 9 0/10) SrttJ^L, 

[*)ffi£0. 6 P a £ U RF1S (JSiStftl 3. 5 6M 

Hz) <Dmm&/<y— \*s o ow^ 

«S8 0 0 o C}:tl^E, 1 Qft<DmmT-—si'*ft 
[0 0 8 9] El2id^ v^/u-^^^^^^is^^t:^ 

HC uKa (2fc6 :0. 15418nm) XhZ> 0 



k<7)-e&5 0 EUtCTjvfJ: fJ{£0-T a 2 O s ^/c 

[0 0 9 0] UTASr«fe#LfcKJH-^^v^ 
[215, 0 6U:^1- O 4fc\ g|4fiE13 09{g:^ y^ry 

-e*>9. y— ^«««£ttHtfJD«ffii . 2V«f^-* 

-e*>5o m7tw^^^^/u-^^^^^vis^ 
^ («si£«ieas^WF) »wifti»tt«:»fc4v^s, is/iffim 

[0 0 9 1 ] El3S:D ? El4tc^i- ( t o\z^ $1/7x7-^ 

(w) co^jfjDft^tiio-rst-ufc^oT y —vmmM& 

tt*'>U 11. 5%"C*/JHI[4:4ofc«. IftfiiJn-r 
5 0 r.r-c\ ^ynfy«DMi8. 5%^Tt 
fctitf T a 2 o 5 *Si&tf> y — J: 9 fe^ftvMKU: 

Wfc, * ^^T-^<oaS*P*35SO. 1 7%EA±1 
5. 5%^T^m^lCflT a 2 O 5 *S0 B p^ltKbTy — ? 

*D**S8. 3%K±13. l%KT^:Ta 2 0 5 g 
*Jctt:ttU-cy-^«Slt«*#iKii O^i^TCMt 

Xzrl/ (W) <7)^DS^iSA0tw^oT±iAP-r^r 

[00 9 21 -J, y^y$f«ii:J3it^^y^^ 

-^y7ry«^ttIK 0 B B (Mo/ (Ta+M 

(Kffo. 9nm) wtniiyy^yis (10 0) Sr 
ffifflbfco *fc, ^y^/u-^yyfy^WfcftSR 

lUKff-ei. Onm (ilJ?5nm) , Jt»«*tt 3 9 

[0093] rcoj: 5J-U"c^»ufc^y = v^k«± 
iz&tf si*-* v y^^m&mkVo9mife& (m 
0/ (Ta+Mo) =^ji%) <^y — *m8fE««<7)epjp 



(10) 



&m2 0 0 1-77108 



[00 94] H8f:^t<t9l:, 1. 2 VPPinBfCD !) — 
?9M&&I* 1 O^A/c ra 2 KTt'fcO , T a 2 O s ^ 
aliJClt^T y -*«at«flMHfc 1 o^fSf«TJ-(S«i- 

[0 0 9 5] J;oT, ±IE*v*/u- ^>-^^^v1i^ 

0. 0 5 m mtft^^** h 7 y ^^^(D^- httWR 
nmOHIff^i3V^-C 1. 2 VE|ttD«F^y— ^«jSl£**^ 

lOVcmOT S:«fci-r4:^^rie-c**. 

[0 0 9 6] TaA^W0 3 WMHM|xTa 2 
O s -yW0 3 , ^f:{iTa 2 0 5 i:Mo03(D^|tt 
ge^xTaoOs-yMoO^^i:, ^^fy t 

SfcM^e-y je*«T"e*>5i§£\ Ta 2 o 5 SJ 

&oxmtp<Dmmxm&T a .Os^Kiit^-c^ it 

[0 0 9 7] T a 2 O 5 Sg B 0(CWO 3 , SfcttMoOaSrSS 

iD"t*s r txv —zwtftM mm&m. l it <n \t , 6 ei£b# 

>fty*i^Ta s +^ty#gO. 0 6 4 nmJ;^h 
S4W 6 +Mty*gO. O 6 0 nmh ^7"c(±Mo 6 + 
(-f^V#^0. 0 5 9 nm) ^Tat-f hClflLt 

[0 0 9 8] Sfc, Ta 2 0 5 ISf^W03(7)^t« 
fSjfpx T a 2 O s - y W0 3 (0^y^7>t^- yttitt£ 

«gt*oiftv^3Bft^t:L^wo3 (y-woj) fimn&£ 

[0 0 9 9] B5Xt/BI6 \^-t£ o tc\ 

^^ 0 B 0 ^^»^^ H 0 H tt^*i-^^i:<t, y-W0 3 ^ 
2 0 0 o iv^5*S«H:W«*S:«por. t\z&mi-Z 0 
[oioo] fcjs, tt> (ioo) si SS> 
> jj n xgfHHKf* (ioo) Si SS, 5/J3 vtta^t 
W(ioo) s iSi, Sfctta£*Kfcffli*fc*£ 

/Co 

[oioi] * ^^yu-^ ^yx^^m^mtv?) 



XT^m&mimwmmskhvx&misfrm&h. 

J: o r teflffc $ 4: IRMStt y - * 

[0102] ltitmM9l<DVL9} 3 : (001) Ifirfi] R u 
±-e<754#tt) (0 0 1) IdfaCDR \i±.\Z&IRm&& 5 0 
0°C"C6. 3 n m<Dfi£JW-<V9 > 9 ^- 9 > ^ 
m&MWkM (W/ (Ta+W) =11. 5Jj?nP%) 
S:«jS:Ufc«, N 2 oy^X^4 3 T3 5 0°C, 3ft<DT 
=.—J\s%}im : &fT\<\ ^iC8 0 0°C, l^RTNfel 

[0 10 3] I3 9f:£±lE* V^xV^^gg 

5 e (001) Sfcl* (0 0 2) idfaco^ V^yi- 
-*^^^^V*-&iMt46«l«l** (/3-Ta 2 O s ) CO 

[0104] mi ottiia^^^/u-^^^T 1 ^^ 

5o Ell OJCtjW-J; 9C, H^PBJE l . 2VP#coy— ^ 
li«}±10- 8 A/cmWt:^5o c\*U2:^^ 

(001) Eiti<oit»ttoKv^it-efc6it»cjB 
[oio5] (ooi) is^ico/uf 1 

(Ru) ±tcj*«. T^-yu^SSriSUfcBSW: 
6. 3 nm (*««*7ft»fo'>y = ^»>fbl«*IHB!*li 

0. 2 4 nm) C0^^^/U-^y 7r>l^iftfelS 0 B B 
»W (Mo/ (Ta+Mo) =^liST-%) (D3l*Pfl:ffi 

1. 2 VB#COy— ^m»ft^S^l 0- 8 A/cm 2 ^Tt 
fe5c<!:, XtMfcW«*as 1 0 3tfc5: 4: SrfllBL 
fc. 

[0 106] iot, Z<D*>'*/i"-#^JfX : r>'& J £ 

&&mmxo. 2 4nmUTx&y . fr^mmm^<nw 

JOHEEl. 2VB#(^y-^ii^l 0- 8 A/cm 2 J^T 

(y- hitfflCTi) hi i tt*«w<o*wflc3s«(o* i 
mi i (d) (OT^ntt^o 
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[oio7i §1 1 (d) tc^-r £ ?\z^ ^mw>m&5 

X 1 O»s C m-^(7)ni^ 0 s 0 ^y =^e>45SS 
2 0 1 Jttwfi S T I . (Shallow Trench Isolation) fflfig 

7Vs;^*w»ritiljEi:iip9i/i/ (^Fm^O *s»jbS;5 
titi^o 2 i o -eM^iifc n » h 7 y 

0 19 cm- 3 ig(DnWi^6/^ y-^-KK^ 
8«2 0 2«SJtltl>5. ft^ii*2 0 3±C 
Ji, JRi¥l 0 nmO^y^^-^y^ryl^tt 
IIS (W/Ta+W) =11, 5%) 2 0 5«^n 
Tl^ 0 4*3, Hll 1 (d) C/T:U:nSh7y^^ 

v^^y^*-&aMb*»K2 0 5ttj£iSi 
ft^tifct^T-fo<9 . dll (b) , (c) KSLfc* 

[0 10 8] t^^^/U-^ v^7 t va-&*>ft:»»i»2 
0 5±l:iiSftf*y (TiN) 2 0 6&W^f 
^ (W) 2 1 2^b45^-hlto5y-^-KKy 
I«2 0 2ii*fLtgef^l:MJixt^5o * 
fc* y— KWyfW 2 0 2ttJMtfitRR2 0 8K: 

1207, mntbm»2 o 8, s^y- h«b£«5 £ 

[0 10 9] 01 1 ^UcSlMMOni h 

[OllOlSf, nS«J H V>^^^^ifi2 

oi<7):gg£, iBSMtzk*, t^*=7\ afcttttrtt^ 

-?tt*«2 0 l^$ffiS:^t5:t^l«TfcSfc 

[0 111] fclc, 1S2 0 l±fcp**yU*»J*U 
R I E (Reactive Ion Etch) ffi£:ffil^T^£2 Oil 

i~5o SfeK. 8 0 0°C, lO&SS^RTA (Rapid 
Thermal Anneal) lw J: «9 p **/^«*Eftffitt'ffc 
£-£5 (ill (a) ) o 

[0 112] Rl:, ^ygg«2 1 1 S:7ySi:J: 

^/U-^V^^T 1 ^*^*^**!* (W/ (Ta+W) 
= 11. 5%) 2 0 5*r*«2 0 l*rftU»*i*lc»j« 
U #^/u-?y^fya*8<l:ft*ll2 0 5il: 
T i N 2 0 6 Sr^-fi (Hill ( b ) ) o 



[0 113] gad, T i N 2 0 6±{Z7* 
£LTflH*S«;frtt^y^:^K:J;9 % TiN2 0 6S 

[0 1 14] 4*5, T i N2 0 6CO^>y^-^^ir^y =i 

>^tUSF 6 /Ar»^ (»-&^EEJtSF 
6/Ar = 10/l) SrfflV^So Sfc\ :77X^«£/H 
<73RFf[flI (13. 5 6MH z) <7V*!7 — 4 0 OWg 

«tU ^y^^-^y^fyIMttSK205 

WSfi2 0lCMt5^7^IS (13. 5 6MH 
z) <7V<!7-£4 o ow*£«£ U S«raS}±0 o C^ft 

Ions]-*, ^^^-^v^T^tt-^SMMft 

iyf^^tUCF 3 ClS:fflV\ ¥■ 

n^fcmmzmm&zmu-tzRFmm (13. 5 6 m 

Hz) <7V<7-£1 5 0 0Wgi$<lr U s«?as&6 0 
[0 116] ttV^T, 7^ hl/y^ — V, T i N 

206, Rx$#^#/v-#i/?*^isi&'£mkmnWk2 

0 5^^Affl-7^^irltffll\ S^2 0 1iz^F 
Hm^*^ (**) ^At^: fcKl«fc 9 , T i N 2 0 
6, ^^^yU-^>^f L ^1S^*^*6»«l2 0 5*3*f 

txgsi^i:y-^- FM >««2 0 2 «r»*i- 
« (Hi l (c) ) o 

[0 117] 7* h h^* — V'SrISfcSU 

y^-KKygttftco/:^Ml (i^Eii# 
HfL 8 0 0°c, io») £fr? 0 :^iS(^v^^ 

-^^^^>*-&Kft»J»gt2 0 5<Dfa£hithmteX 

[0118] &tr, S«2 0 i±twJira*6^ffil2 0 8^ 
ML, IMW2 0 8(:y-^- K Wyg«2 0 
2&t>*T i N 2 0 G*X*'A1rZ> = ^# 9 h?LSr»j*Lfc 

TCoMTiN (^Bl^rO £i£«U T iN2 0 61: 

tt7 0 0t, 1 OtCORTA^l^rlt, :iX^A^ 

-^ym: t-ey^ts- km >mm2 0 7 , 

T i N 2 0 6 tW2 1 2^&65y- M^^r^iifn 

[0 119] $ ^iSf : *3Slfc9 : 1 

4 0 0°C, 1 0^7^-/^l^V\ ftftl^ffilC 
/>7^y 3 y§2 0 9«^ (lllll 

(d) ) 0 

[0120] iOiilCLtffgLfcnSh^y^* 

12, ^^/u-^^fy«^tt*l2 0 5^^ 
f-^r*^««2 0 3— <D£Kt£ttK: J: 9 , L#iMHa s & 
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2 0 3ic»ftn5m^t I oN^KIKiS^^b^^irt^BaB 
[0121] ft+^t^MtlSiB 

Cfctf), (HI 2 (d) i:*tl2*ffiW^)nih7>'v f 
f ^'I'RW-LtZff £ 0. 7nra(7)y!) 

= vstM2 0 4 o>y =>^mkmmnmmo. 5n 

*x^a^^M*»R (W/ (Ta+W) =11.5 

%) 2 0 5 *»«u w<7?afji«s:y- vmmmt it 
[0122] ^ £ o iz-tz>-tx\ i/v =*>-mmtm 

[0123] &jb\ 012 (d) tC* Ufc* 2 

^»kft»«2 0 5S:Mt5Wl:, ->y=i^»* 
fl«2 0 4fc#/*i-fttfj:^ (El 2 (b) #HR) 0 -t 
<75flii<75XSfiig 1 ll^t^IUffiMconlhy^y 
**£«]«-?*>* *<0RW «o 
[0124] HI 1 2 (d) fc*LfcJB2»K««>na h 

F r a d/cm 2 ]-Cfe9, h KltR^ > V =* ^»JT 

hfi3. 6 F r a d/cm^lSot^ 
fee o^D, fP«tbfcn«h7>-^^*<75^-Mft»R 
^y^^UfBllii. Onml^T-C'fc^o 

[0 12 5] Ell 3l:l2HIMOnSh7y^^^ 
y-hy-^«««flEoy-h«EE«#tt«r*i-. (Hi 

3 lc*1-J; 9 iz, *2 3ljftW(Ona 

htEl . 2 VP#<D y — ^t/SMli 1 0- 7 A/cm 2 
"e*>5 0 4fc* S2aWnSh7/^^^y-h 
*6ISRi: v-y = V^ffi0^ffi*fiz**J2 5 x l 0 10 /c 

(^-mffl«2) mi 4\tt&w<D¥mftmm<Dm3 

0 14 (e) fc*$*L-C^So 
[0126] 014 (e) ct 9 fcl, 5 

X 1 0 15 c m- 3 gS(7)ni^ 0 B r>y =^&45»E 

3 o liciisT i mm<Dm^mm^3 1 4^»as 

nt^io Sfc. nIh7y^^<^M«i:i^p^ 

O l9 cm- 3 mffi, M»«5X 1 0 20 cra' 3 g$WL 



DD (Lightly DopedDrain) Slit n Mffitfc®^ 

X 1 0 16 c m^fijE^) p If f t*^ 

[0127] f **/MH«3 0 3_htc(i, ^>y 3 ^BMfc 
RR||[R«-e 0 . 5 n m<D§|jf:cQ > y =3 VBfc^ffcR 3 0 
8^/££*l, $ bd-t^-hlcRff 5 nm<D#>*/l>- 

^y^fyl^»gf 0 fi (w/ (Ta+w) = 

11. 5%) 3 0 9«JiiTl^ o Sfc, 91^9^ 

-^y^fya^t^ 0 il3 o 9±»cii»kf 
^> (T i n) s^^^fy (w) ^e>isy- H 

®fi8 3 1 0^y-^_ KKyfiS3 0 2 LT g £ 

«!^«eft*R 309^1 cnmmmmm 307 ^hi: 

fi'>y ^ y»ftl8 3 0 6«^t^^ fl Sfc, y- 
^-K^y«*3 0 2lt JBlOJlBBIftltR3 0 7S 
CJ c *o±Jc«*StifcJ|5 2^*IIBI6«W3 1 lt:Wf 
tiisttbn/c^ h?LSr^Lr y— kw^I 

«3 1 2ld»RSix-Ct^5o £*b^ y-^-KWy 

MM3 1 2 2 u 9 ia t y 

= ^BMfcRS fc 14 *s y 3 ^BfeaffcRa* 5"<>r 
->3 ^R3 1 3 j*Sfl£]*$ftT<^5o 
[0 12 8] 0 1 4^Lfc*3 3S*SW^nah 

[0129] If, nS^ B B 0 y!J3y^b/^li3 
oi(D$ffi^, iSBMfc**, r>-e^T, 

-m£*E3 0 i«ffi^ts: fc^BW-C*4fc*, 

[0 13 0] S4£3 0 l±.\Zp ^/u^/SU 

r i Eft^it^si3 0 licffie^t, t<D\mz 
»«»Rfe»*a*huvfa^*^(iiH«3 1 4t» 

^c-T^o Sffi3 0i±l:SJ5nmSS^'yy 

ay*ft«3 0 4S:«*u y^yi«3 0 4ii: 

->!)3 :/Jg|£j8l/? 3 0 0 n mfiig^® \zVm b 

t\ !iy^77-f-i£tRiEifei:i!)^5-y-h^ 

^-y3 0 5CMt§ o 9*^—f— h/^->3 0 5 
ir^Jgfiv/y n>Srffli^(^(4, RIEPti:y!)3yK 
teR3 0 4K»LTiimfcdSBl9gV^::tf>* >>^>1 

S301 —or i Eir j: 5 *yf is??*— i>^nu-r 
[0131] w:, LDDmm&ftm-fztzMz. &m 

h It, 70KeV, 4 X 1 0 l3 c m* 2 SSty V 

WtyftAl, ^- KW ^ffi*3 0 2<n— Mb 

*Sn-aiSt«Ji3 0 2 a fc»J*t5(Hl 4 (a)) Q 
[0 13 2] W:, i/V ="^RftR«:*B5^*iRUfc 
ft, RlESCctoTiiU ^^y-h^-y3 
0 5<£>fey§giwJ?$ 2 0 nmlM^y y = V«gft:R3 0 6 
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S:»J*"f"4 0 3 0KeV, 5X10 15 cm-l 

«t?***r>f ^ffiAU y-7-KW^i«3 0 2 
W-St45n+Ite»S3 0 2 b*r»j«U LDDS 
JS*r»j«i-S(Hl 4 (b) ) 0 

[0133]fc CVD{aotiffi^l(Dl« 
SdBt3 0 7 £**$/y 3ygSft^3 0 OnmgSfi 

A&fTt\ y — ^ • KK^It3 0 2?M >d->-&AJf 
[0 13 4] CMP (Chemical Mechanical Poli 

shing) iz£^x±ffi<D¥-mk&'ff\<\ ^ei^y^v 
K^ib^s^^-^— ^3 o 5<Dmffi*mft£ 

it, Iffilfc^'^^ h/^->3 0 5&RIECJ: 
ot»R«t»4L, 2/y3yWI«3 0 4©«Btl 

[oi3 5] m^t, mi<ommmmm3 o 7Ai«*M! 

jfe»)Sl3 0 6&TX?k bT, BFfa<O^Y^/U««3 0 

£\ 0. 7 va«<^U#v^c:K3t't"5fc»*ctt, 
i^lOKeV, 5X10 12 cra- 2 §S^t^A 

U f t^«3 O 3i:lK«i:pSf 
t5(H14 (c) ) 0 

[0 13 6] Jfefc, *Rbfc7y»S:ffll^T->y ^>g£ 
fl«3 0 4S:ttSU Iffllf:SS3 0 1(7)SB}:, - 
^ft^i^i^clOOOt, l#^^jggg^biz«J: 5 
>-y 3^»bl»SUH»»0. 5nraW^^y8|tf 

fflK (W/ (Ta+W) =11. 5%) 5 0 

Ott«t^o 

[0 13 7] W:, Iifffl^tt8 0 0°C, 1 0#<D 
it5 0 :roiltt*^/u-*y^7^aft«i* 

oi. ->y 3^i«3 o 8 wMcstt^^sj 
«i£ B iiJi 3 0 9 i'>y3 >mmtm 3os^h 

[0138] tti^T, T i NjRtfWSr^EtcWBU £ 
iSrCMPt-5rt"C^^^ h^-y3 0 5 
i^Jxfcil:^ hffi^3 1 0*ra«e>5i*»fifti-S(H 

1 4 (d) ) Q 

[0139] #Ckl, ^ 2 OJIIHt&tHK 311fc tt^ffi 
tc^y n>«MtJ»S:2 0 0nme«*ftfllU V— K 
W«3 0 2Stit53^^ h?L«:»*i-S. 

[0140]I^T, Co, TiN, StmSr^rti-Pft 
ifWU ftSf^T^ 0 0°C, 10WRTA (Rapid Th 
ermal Anneal) i&glSrfTofctg, m ?> — 



iry^-Kwytffi3i2««o £<bJe, 

: TkMtt 9 : 1 (D^ffiM^XM 0 0°C, 1 0^<7>X 

^-/u&yi£m\ ftf^7>-<-f^3yl3 13* 

[0141] ±.m<D£ 5 4WfcfrSre h7y^*Sr^ 
«i--63pJ/»W:»CO = j»-e*)5o 

[0 14 2] *1\ mile, ^(ORig^ffilcfcixtf^Ar 
*/u««3 0 3^*aRW^b#l^«0BSEffl^^-* 

So si 2 id, i*ffljiRteaxe*tT5W^^-^*/^3i-v 

tcWiffl-rsr S 0 S3{:, ^-hW^^DXtc 

[0 14 3] Z<D£5t£W&*te-?fmiStl1tb9>'i? 

[0 14 4] »±RW!bfcJ:5^*WM^***»« 
tt. HfiSWK^s i ^URttSflgV** l nmOTt 
fo<9, *>oy-htEl. 2 VNP^^— h y — ^««Etf s 
1 0^A/cm2«m5MMb7^^^^ 

/<y -Ymiznzs!} a ^Mft»twcisb-i", *>y 

Sfcttv^y ^ ^iftjS^ffl^Tt £v\> 

* /u - * > ^ * y ^a-&iwk*3» a*hr * 5 *a= 

b-f, ^»WF<z>**JflSS:4 5 o , CKTt-K*i-**> 

[0145] se>t^ hm@tiT i N<nmmm\zm 

^tieitt^r^ottl Ir, Pt, Ru, Os, R 
0 2 , R h 0 2 , O s 0 2 , I r 0 2 , R e 0 3 , S r R u 

[0 14 6] _h*i!b/c^y ^rJSi, tV-*^?**? 

ffl^»6n« ^ i Sr?S»bfco 
(^^eyiiffl^Ji) ftjc, *«Wo*#»«jt»cot^T 

^ y sr«tc brtAP^-r So 
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[0147] his a*9tm<o^m»mm<om 4 mmm 

15 (d) C/T^tl^o Sf, nP»*«>j3^ 
[0 14 8] HcKl, £lfi4 0 l±CLOCOSS(7)*T- 

^viM^Mb, tt4 0i±i:^ny, y>^<0 

[0 14 9] ftC 4 ->y =^*^J«*7y|ft4ifT?«(i 
U y- SSM4 0 3 Sr •> x y hlftlc J: 

m^t, &m&*sv =>4 o 4 ±ioy 3^»^Bt*rric 

BSU ^yf>if\zXr>MaaH\M4 0 5*r»«i-« 0 
i^tt9 5 0°C, lOSORTAifTotnlttfti 

i v-yiNf K4 06, &i>*t i '>yt-f K^e>4s*t» 

14 0 7 Sr-tix-Pix^i-So J^-b^xmdcfc <9, Ell 
5 (a) ^*-r«t5»-. LOCOSl^*?-»|lt««4 

0 2Htot^«$nfcnSMOSlh7^^, * 

fcliplMOSlh?y^^4:IW4 o l ±fc»jjt+ 

So 

[0 15 0] Jfcfc, il^fm*6i«40 8<t4^^y 
ayWKB, Sfctttfn:^ ftfr^tttt 4: bT^tr> y 
= VBWtflt (BPSG) SrJ&BSgL CMPSia^l 
W5o JBtl^T, Sl^if«l4 0 8i^^^h 
IL^x^f-y^a^pt, s<» fji-h LTT i 

7^4 0 9^t5 o **5, ^5^4 0 9 li % 

^fyS:CVDl:J:5MLfc8, ^^y^lcjzo 

[0151] $ h\z^ zfyfA 0 9±K:, T*B««4:4 
(T i ) JBS4 1 0, m\L^5 > (T i N) K4 

1 1 Sriffi^LT*^^ U ^li:2 0 0 nm^f 

A (Ru) K4 1 2 (0 15 (b) ) o 

T8B««Tfc*T 1JB4 10, T i NJSI4 1 1 , &t>*R 
uJg|4 l 2«rAHi-3BR<^S«4 0 l^Sfi, i 

0 0°C, 10 0°C, 3 5 0°C"(:'fc^ SI4 0 1^K 
Sr^^J: <tT\ TiNl4l lMRug4 

1 2<D&ghfe&mtb. HRu|4 12$: (0 0 2) E 



[0 15 2] W:, ^anicRi&tt^y^^ffiSrfflv^-CIK 
ff 6. 3 nm<75^ V^/u--^>-^^7^^1S^^L^a^ 

(W/(Ta+W) =11. 5%) £:S1£*SS5 0 0°C 
"CitarU, SSIftlftBl4 l 3t^t5c «^T, n 2 

soot, l^^RTN^ssrtT^o rwtsayst;: 

ioT (0 0 1) Er&IO&ffittcoSSv^ 

[0153] Btt^, Lttftf^ > (T i 

N) 1414, M^y^ry (W) ^4 1 5 ^^ffi 
fcfl&SU K7>r^^^>^jfeiw«J:oT±SB®ei4 l 
4, 4 15, $&te»0U 1 3, ^OTSIS4 1 0~ 

4 l 2^^y^i:<i: 0 -tft-Pft^E-rs (Eli 5 

(C) ) . 

[0 15 4] ^r-C, ±g|5®^4 14, 415. TffiS 
^4 1 0-4 1 2<D^y3 L >Jf\Z^l) ^T'? X^lz£ 

F 6 /ArS^ (ft^^EEJt S F 6 /A r = 1 0/ 
1) ^Xv^ffluORFlJI (13. 5 6M 

Hz) <D'<V — %4 0 OWmmt U KSKHMwrS'* 
>TT^m^ (13. 56MHz) (O^7^4 0 0WS 
g^l, X«^^0°C^i^o-Cio< 0 
[0 15 5] Sfc, $t|gjtK4 1 3<0^-/^V^tc¥ 

ITCF 3 C 1 Srffli\ ¥^¥««ffil-SSJSi£&BMJD-r 
5RF1I (13. 5 6 MH z ) <ZV<!7 : — 1 5 0 OW 
fiS i:U SKJtlr 6 0 0 CgS(:ftoT^< 0 

[0156] sck:, »2<z>/ififlj|6fttt4 1 6 t ityy 

hMX^Fi^y^^ hSr^y^v^twJ:^ 
iPt^o ttv^X, > #yuEl»4 1 7 fc UWS i , T 
i N, AlCu, T i N<DmiZX/<*y?mz& 9 jSIK 

3 1 8 1 tty y =>*ffcfflt*fctt^y =>sstm 

[0157] Hi 5^bfcjB4H16M^#W*^^ey 
"Cli, §fi:a5C0TlFPeiS4 10 — 4 12, 

y^fy«^iWt«*I^5)45Slft*lR4 1 3, 

-h£l$m^4 14, 4 15&MW?), K7^fx y f 
^^JfetwJ:o-CS**^Bti-5*teS:*Ufc^, El 1 6 

4 12, T i NASI 4 11, T il4 1 0 Sr^y ^ y^/lC 

/SKU Jbffl«««:$>Bil,-CfcJ:v\ > ^co^ 

±&I5SH4 1 4^3is/^^^w±i6L*:— y = y/ 
7X^£fflv>7t^>y^-£ffl^Si§^te, ^y*f->y 

^tltSFe/Ari^tfflt^ti^o 
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[oi58] ktiw, Bi i 5K^\,tcm4mmm<D^m 

ft^ y <7)§t^wtM1$tt^/Tto teas, El i 6(^7^ 
i^c^g^M * y [2] i 5 (ctj^l 

fcl 4 SfelfcMa^tlMt ;< * y co^fig[5<7)®^#tt 4: f5l£ 

f:i:^) x 15 [jt£ F r a d / c m 2 ] "Cfct) , ^4*6 
»®|4 1 3<7»y 3 VlfcWlRff # 0 . 24nm^)^, 

0 7) 0 Mifc§i«»^y^iS 

JgU?{2:0. 2 4nraT-fc5o 
[0159] 017 KB 1 5 tC^-T^ft:^ ^ U (D^fi 

1. 2V^!l-^t»««ttl 0- 8 A/cm 2 -Cfc 
(^yigffl#J2) HI 8J±*«W^^»*3SB«5*5 

(Dfit^teE] 1 8 (d) t**n-ci^5o 
[0 16 0] Si*, !4^1M^*»^^y 4:H« 
<7)XfM^ J; <9 , Ell 8 (a) lzmi-£olz, LOCOS 
SW*^Ht««5 0 2l:±o-C»I$ntnlMOS 
SfcttplMOSlh7^**t 

nfhS«5 o i ±t»jBRi-«. 

[0161] I10fWI6fi5 0 8 i LTv-y 

Sfctt#n>\ »Sr^«»i LT^tp^y 
a^BWtll (BPSG) fe/ftRft. CMPffiiCi:«9¥±a 

tei-5o a^-c, jintfiMdK5 o 8»c=a h?L*^ 

t*T i NSrjSBlU ^o±^^^>/^^v (W) £r/£JK 
It, xyfy^:J;!)y7^5 0 9S:Mt5o £ <b 
fwl(:gia(7)T«i:45T iK5i OM 
TiNi511 &CVDftK«fc9»ttLTj«J«U -t<E> 
_btC2 0 0 nm(ORu§5 1 2 Sr C V D ffitd <fc «9 JgjSfci* 
^. (i]18 (b) ) 0 T1I510, Ti NISI 5 1 1 , 
SOTugS 1 2S:j««i-5Bi<oa«ffl«H, 1 0 

o°c, loot, 3 5 0t-c*>5o SSfi«*:^J;5 

^K*i"S T i NIK 5 1 1MRuI5 1 

2 0jfeJH4S:iB», rt>oRuffll5 125: (0 0 1) £ffi 

[0162] JfctC, ^ffiCMOCVDS^^tfM 
IRK 5 1 3 £ftSJRJ?6. 3 nm(D^^/U-^y^ 
7 1 >'»&BMt:»*BS (W/ (T a +W) =11. 5%) 



&SKS5oott«ts (mi 8 (c) ) 0 

X* N 2 oy7Xvtt3 5 OX:, 3^(DT=^—^^m 
£fro/cf£, 8 0 0°C. l^RTNMl^tT9c Z\<D 
SMSfCiot (0 0 1) Eft0)^iSltSOB5V^>'*/U 

[0163] JfclC, ±*B««i:4«T i N§5 1 
Wi5 15lriffi«t^ 0 i^t, K9-f^y^^ 
^Sl:iotT i Ni5 1 4^(/Wl5 1 5 = 

JtSF 6 /Ar = 10/l) £fflV\ /7XyM(^ 
RFfiSg (13. 5 6 MHz) <*V*!7 — £4 0 OWgJ 
il, StttCPpjtai-S'^ T*«M (13. 5 6MH 
z) ^7-S:4 0 0WSStU SSMftSrO^Sft 
\zi%^Xis< 0 

[oi6 4] m^. mmmmms utfts^ya^* 

ffcR*^9X-^CVDlCT*E«U SflJbSB^*^ h 

MixiPt^o JBS^T, ^^yuffi^gS 1 7ii5WS 
i, T i N, AlCu, T i N^r > * t£ J; 0 JUKI 

^y^^^»c«t9APXi-4 0 rollc^y^ 
->3VJ|5 18t4S*>!l 3^*ftJK*fcttv^y 

[0 16 5] 1211 8fc*L*:*5||*«^*»^^ey 

1 5(C*Ufc*4|llj£«^»^4:ra«lw 1 5 [/uFra 
d / c m 2 ] "Cfc 9 , ^S#fe*J8lG0 >-#l3l jgU¥^ 

0. 2 4nm«)i:t, JH#SJx5*tt*ffi«afc9«)» 

Sci~5 (rco^^^^/u-^^^^x^lS^K 

ttg s li»JtfiWio7) 0 i-*b*>, 

[0166] @19ilf5 SBfi«<7?***^ y <E>«gi 

»»«^ y -^«j«**oBiio«BEtt#ttSrs%i-. in 1 

1. 2 Vi(D y - ^IMS^ 1 0" 8 A / c m 2 tfe 

[0 16 7] LfciioT, *4HltWXt/*5iai6Mtw 

^bTtct^^, **ff^^y^«**6»«m±E^^^ 
[oi6 8] *ftwiz£fr\i&mmmm<n^}) ^sft 

«fW0. 2 4 nmETFT?fc9 . CO 
BMJD«EE1. 2V^y-^lI^l 0" 8 A/cm 2 &l 
Tt*5**#> * !l S:l8at5 w i , DRAM 
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[0169] fc*3. 9^9^-9 >yx^^m&mi£<®) 
fr<bmmi-z> w i as-et -5 . f&mm<D&msgitf 6 s o 

[0 17 0] ±.mvtz9>9/i—9>-9*7 L >M 

[0171] Sfc, Sfi:g|5<7?±g|5*moj;t>*Tgi5«®(± 
Ru, fiVT i NfcWWflMHJIfcRbi", #tefi->ya 

ft^S lr. Pt, Os, Rh,« 
H48ttRu0 2> Rh0 2 , OsO„ I r 0 2 , Re 

[0172] {I.U T^mffii LT (0 0 1) laftCQR 

u ^fflv^t^-g-fcti. 9^9^-9 

•> y =< ^gMUBI&glSlff B 0 . 6 n m t TUMU 
[0173] 

[0 1 74] ^^/U-^V'^^Vfc^gHfc&ig** 

mm.m<D s i mitmmn^m 1 n murxh v , y 

— ^HSft&feasy— (-1E1 . 2 VBfT* 1 O^A/c m 
^TtfeS, y-hftO. 0 5 umHtmzmXZixZ) 

[0175] */c> #y^/i--^y^f^8ffl 

**6»^<75 -> y a >-&{fc]g&3?IKJ¥/ii5 0 . 2 4 n mKXT 

-efe"? . ^ossgis— coEpAnfl&BE i . 2v&f<ny—?m, 

flfEd? i 0-«A/c m ! «7t'fe5, ^— hgO. 13m 
m1fl:Wcil*S4x4tt1iBSrj«fci-#3Kt:^*y S:?#5i 

[Effi^ffiflpfttftip!] 

[El] *«IH<&¥**SB<0«ii:£te-e/l§^5«ffij* 



[Ei2] ^m<r>^mwmmxm^^,9>9^-9>9 
^77fi>5. :;t-, E+wf-^Kttttbix-ci^-s 

V^/U-^ V^^.x>-ia-g-g?<^. Au. S i ©M(6t 

* x ^m-smmm mm m> <o 9 > ^ t- > mm. \z n-r z> 
y -?mm&s.(Dm{%?i:7F-ty=7 7xihz>„ 

[E4] l2 3tc:^Lfc^7 7<7?{S^ vy^viSSfptS 

[is] ^m<D^i^'mmxm^^9>9/u-9>9~ 
xT^&mkwmm&£k<v9>>i7x'T>>i&mztt-r% 
itwmmvmm&^-ty^yxibZo 

[16] ESK^L/t^^Wfg;* ^^XVjftSftWc 
[117] *$£m<n¥m&mWxm\,^9 >9;i—9 >9 

* t >%^mtmnm'^ B <D9 ^9*^ ^mmzn-r % 

[13 8] *«Mro^*frlSS-c?fflv^* ^ 
Ii9] (0 0 1) §ift<Dsi'7 L -VJ»±izMf&.VK.9 > 

[110] E9{-^Lfciifi/&£W-f 

m%m<oMi%%^-r97 7xibz> 0 
[mil] ^fswro^arfttisarosBinifiw-cfcstii! 

h =7 v ^ w®iitxm^^i-iif ffiEl-Cfc -5, 

[111 2] *«Mro^iimE3g|t«J*2|llfiWt?*5na 

[El 3] El 2i:fLfcnIh7V^^roy- 

[HI 4] *«HO***8Kro»3 3SKW-<?fc*ng! 

[El 5] *f§BJco^^K<^^4^i£^|-CfcS^* 

* y ro«5txeSr*i-Wa5B|-C*5. 
[116] I15IOT L-fc^^y * y <7)Mi^I^<0- 
^MSr^-T»fffiEf fo-5o 

[ig 1 7 ] e 1 5 iZTjk v,it*mft* * y <&£Mft»fli0) 
siAo«£Ecjfr« y -^*at«*«)B8«s:^i-^7 yx 

[El 8] *^BJco^^Bw^5^iE^jT-fc^^5» 
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117. 119. 12 0. 1 



[hi 9] mi 8»=*ufc**«cy*y <D®&mmm<D 

1 0 1 Kfitoll 

102 

10 4, 108, 109 V'<frZf 
10 5 

106 — 

1 0 7 

110 7K^ h?^^ 
111, 112, 115 

2 3, 1 2 5, 1 2 7 
,129,131 X b v-7'<}V~f 
113, 121, 130 WM'y V 

1 1 4, 1 2 2, 1 2 8 7^7o-3yFn-7 

116, 124 ^.m^f^n^>-< 

118, 126, 132, 134, 135 

13 3 X£f+ 

201, 301, 401, 501 mfa 

2 0 2, 3 0 2 y-7,-KK^ 
2 0 3, 3 0 3 ^-y^/MMc 
204,308 v-y^ ^l&^ffcJBS 
2 0 5, 3 0 9 Zl/fjV- 

Mm 



2 0 6, 


4 11, 4 14, 5 


11,514 T i NfSI 


2 0 7, 


3 12 y— 




2 0 8 






2 0 9, 


3 13, 418, 5 


1 8 '< V >"<^ > 3 > 


m 

2 10, 


314, 402, 502 iS^BSS** 


2 11, 


3 0 4, 3 0 6 




2 12, 


4 15, 515 


win 


3 0 2 a 






3 0 2 b 






3 0 5 






3 0 7, 


4 0 8, 5 0 8 


SB l <7>Jf Fb1*&^J8£ 


3 10 






3 11, 


4 16, 516 




4 0 3 






4 0 4 






4 0 5 






4 0 6 


t i y it- -r k 




4 0 7 






4 0 9, 


50 9 




4 10, 


5 10 Tii 




4 12, 


5 12 R u)8l 




4 13, 


5 13 




4 17, 


5 17 t< ^/Hdlft 



[1211 ] 



ft ft 



126 

m 133 KStt 

ii7— ® S^ 3 ioi tffife aa / 



160-> 

an o^m 

180- 
552 ©ZTX^^ 

170^ 



10S OxA^ 
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[H12] 



[03 ] 



2 10 3 

> — •> 

a-1.5 10 3 



(si 



1 10 3 



0 10^ 



■ 1 ' i | i i ■ i ! ■ t i 

J5001 * io° g: 

■of i A 


L01 


Au1 1 1 

0002- 


:4. 2 % , A 




: 8.5 % 1 


Si200 


11.3% i 

' ..I...... 





«5 



2theata ( Jg) 



10 2 
10° 

10" 2 
I0" 4 

i<r 8 




V 



A " " IV ' '4V ' 'bV ' '8V — rto 
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IH61 [i7] 




[H9] 



[H8] 




d ' ' 0*2 ' 0.4 0.6 0.B " 1 
EMP^IE (V) 



1.2 1.4 



1000 




2T 30 "35 TO 45 SO 
2theata (Jg) 
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[012] 



ft? 



(a) 







^210 





211 
-^210 
201 



(b) 



5 



206 

P -205 



3 VM^t!B 



(c) 
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[mil] 



CO 



g 2 5 



o 



cvi cm cvj 

i L S 
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► 



m 



IK 
K 

J* 
I 



C\J CD LO ^ r- 00 
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CM CM CNJ^ CVJ CVJ 



3f? 

JS5 
Us: 



o ^ 



o 

CVJ 



T\ - 



LO 
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CO 

o- 
cvj 




cvj 

CVJ 
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o 

CM 



O 
r— 
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->^-fS/i V& 31 3^ 



*10/B@ei»& 307. 

S/U^BHtfe 308 
U !l □ >ttS<t* 308 




| _ w _J^312 V— X- Kl"0 
310 y- hQS 

302 V-X- KU-f >fg« 
~314*7*Ht«tt 

301 a® 
303 r***flUft 



[015] 



r- hBMtJHI 403 



Tii^F 1 

)4 \ ri 



(a) 




405 fitsttfcja 

402 ft^Cffitt 

(b) 



40i m« 



412 Ruff 
411 TiNfll 
410 US 







|f=H Q 




✓ -3 





-408 

mi © 

IBB9 



418 ffK-Sf a Vtt 



409 y^y 

417 >*;],5 



Cc) 




I 


I 




i 














** 













mm 
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E 



J=L_FL 



(W 



r 

401 



412 RuJB 
11 TiNJ« 
410 TiJ» 



Cc) 



413 «fi£»jg 



WD 



^414 TIN* J£g 



[018] 



bo 2 »?4Heatt 




501 S* 



A-,S/"<-5*a V JBI 516 ^ 



517 jt^^ElS 



516 3?2©JBryuem* 



L * v. 



Cc). 



Jr 



























(d) 



4 

^ 1 — 














o /= 
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[019] 




Mima (v) 



(51) Int. CL 7 KSUIE-g- F I 7-"-V (##) 



HO 1 L 


21/316 


HO 1 L 


21/316 


Y 


5 F 0 8 3 


C 0 1 G 


41/00 


C 0 1 G 


41/00 


A 


5 F 1 0 3 


HO 1 B 


3/00 


HO 1 B 


3/00 


F 


5 G 3 0 3 




3/12 


3 12 


3/12 


3 1 2 




HO 1 L 


21/203 


HO 1 L 


21/203 


S 






21/283 




21/283 


C 






21/31 




21/31 


B 






27/108 




27/10 


6 5 1 






21/8242 






6 7 1 Z 






29/78 




29/78 


3 0 1 G 
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4G048 


AA03 


AB01 


AC08 


AD02 


AE05 


4M104 


BB04 


BB06 


BB30 


CC05 


DD03 




DD42 


DD44 


DD45 


DD79 


EE03 




EE16 


EE17 


FF16 


GG16 


HH20 


5F040 


EC01 


EC04 


EC12 


ED01 


ED03 




ED04 


ED05 


EF02 


EK05 


EL02 




FA02 


FB02 


FC01 


FC10 


FC28 


5F045 


AA06 


AB31 


AC08 


AC09 


AC11 




AC16 


AD07 


AD08 


AD09 


AD10 




AD11 


AE19 


AF03 


AF08 


BB16 




CA05 


CA15 


DC51 


DC63 


DP03 




EK01 


HA16 








5F058 


BA09 


BA11 


BA20 


BC03 


BC04 




BD01 


BD04 


BD05 


BD06 


BD10 




BD15 


BF04 


BF22 


BF29 


BF55 




BF59 


BF62 


BF71 


BF78 


BH01 




BH03 
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